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PREFACE 


This is one of a series of manuals prepared by 
the Mine Safety and Health Administration 
(MSHA) to acquaint the reader with a specific 
area of mining. This manual deals with radia- 
tion hazards in all types of mines and related 
facilities. 


A list of references (bibliography) is also 
included for those interested in additional 
information on the topics discussed in this 
publication. 


Other manuals available in this series are listed 
on the inside back cover. Multiple copies may 
be ordered for $2.00 each, and single copies 
may be obtained free of charge from: 


National Mine Health and Safety Academy 
Department of Instructional Materials 
Printing and Property Management Branch 
1301 Airport Road 
Beaver, West Virginia 25813-9426 


Telephone: 304/256-3257 
Fax: 304/256-3368 
E-mail: DistributionCenter@msha.gov 
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INTRODUCTION 


Mining is one of the most dangerous occupa- 
tions worldwide. Deaths in mines make head- 
lines and the television news. Until recently, 
few heard about the deaths — chiefly from — 
lung cancer — among miners who worked in 
underground uranium mines. 


Exposure from uranium is not the only source 
of harmful radiation that faces today’s miners. 
In the following pages, we will briefly discuss 
what radiation is, the types of radiation, their 
effects on the human body, evaluations, con- 
trols, and other protection available. MSHA’s 
standards for enforcement will also be covered. 





lonizing Radiation 


Composition — helium | Composition — electron 
nucleus with 2 protons | that is either positive 

witha positive charge ] or negative 
+ 2 neutrons with no 
charge 






















More energetic, have 
velocity almost the 
speed of light 


Slowest moving — 
travels + 4 in. in air 


















Travels + 1.5 in. in 
wood, can penetrate 
body up to 0.5 in. 


4000 X as massive 
asa B 


Range in air 6 in. 
to 30 ft. 










Figure 1 
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Figure 2 


WHAT Is “RADIATION” 2 


All types of radiation are forms of energy. For 
example, both sunlight (that we can see) and 
infrared light (that we can’t see, but feel as 
heat) are radiation. Radio and television waves 
are another form of radiation. 


Generally, the more energetic a form of radia- 
tion 1s — that is, 1t has more velocity and can 
penetrate more deeply — the more harm it can 
do to the body. This 1s not always the case, as 
you will see. 


Radiation falls into two basic categories — ioniz- 
ing and non-ionizing. Ionizing radiation disrupts 
chemical bonds and is more energetic than 
non-ionizing radiation. There are four types of 
ionizing radiation: alpha (a), beta (B), gamma 
(y) and x-rays. Non-ionizing radiation 1s classi- 
fied as ultraviolet, visible, and infrared. 


After release, radiation is slowed down by ev- 
erything it encounters, even air. As radiation 
hits an object, it loses energy — that is, it inter- 
acts with that object by breaking down its 
chemical bonds. This chemical breakdown is 
called oxidation — the addition of oxygen at- 
oms. The principal target of this breakdown is 
your DNA. Only by stopping radiation before 
it reaches your body can you stop its energy 
from causing damage. 
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As shown 1n Figure 1, o radiation moves very 
slowly, while y’s velocity (shown in Figure 2) 
approaches the speed of light. Therefore, ordinary 
clothing effectively stops o particles but offers 
no protection against B, y, or X-ray energies. 


Fast-moving radiation will damage everything it 
encounters as it travels, including cells and tis- 
sues of the human body. Slow-moving a parti- 
cles can’t do any damage unless you inhale or 
ingest them in food or water. Once @ radiation 
is inside your respiratory or digestive system, its 
damaging ionization — its oxidation — begins. _ 


- Because a shield no thicker than a thin sheet of 
‘ wood can stop faster-moving 6 radiation, the 
_Iajor concern for health effects is also internal 

damage following inhalation or ingestion. 


WHAT ARE THE TYPES OF 
RADIATION HAZARDS FOUND 
IN MINING? 


Naturally, working in a uranium mine means 
miners are exposed to radiation, specifically 
ionizing. Some phosphate deposits contain 
varying concentrations of uranium and thorium, 
two radioactive (ionizing) elements. Other 
types of underground mines experience natu- 


rally occurring radiation from time to time, but 
not usually of a level high enough to cause ill- 
ness or injury. 


On the surface, miners are exposed to sunlight 
(visible). Underground and surface mine weld- 
ers are subject to the effects of all types of 
non-ionizing radiation. Some boilers and lamps 
generate infrared radiation. Nuclear gauges in- 
volve gamma radiation. Bactericidal lamps use 
ultraviolet radiation in purifying water sys- 
tems. Many laboratories use X-ray machines. 
Lasers, a source of all non-ionizing radiation 
types, are being used more and more in all 
sorts of mining applications such as surveying 
and construction (Figure 3). 


Non-lonizing Radiation 


Visible | infrared | Ultraviolet 
bactericidal lamps 


<———_ Welding << 

— Shielded Metal Arc Welding (SMAW) also 
known as “stick” or “electrode” welding. 

— SMAW includes “blue light” and “ozone” 

hazards. 








Figure 3 


Regardless of the mineral being mined, the 
airborne radiation in underground mining can 
always be traced to the same sources — uranium 
and thorium minerals. Radon and thoron are 
radioactive gases released by these minerals. 
Shortly after their release into the air, radon 
and thoron gases disintegrate or decay (shown 
in Figures 4 and 5). These decaying atom-sized 
particles are known as radon and thoron 
daughters, or in modern use — radon and 
thoron progeny. In a few seconds these parti- 
cles can become attached to airborne dust in 
the mine air. 
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Figure 4 


Half-Life Decay Times 
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Figure 5 


WHAT ARE THE EFFECTS OF 
RADIATION? 


Radiation is a carcinogen (cancer causing). 
One of the cancers directly attributable to 10n- 
izing radiation is leukemia. Also, because it 
damages DNA, ionizing radiation can cause 
genetic defects in the children of exposed par- 
ents — male and female. 


Uranium miners who smoke are many times 
more likely to develop lung cancer than miners 
who don’t smoke. 


Sources of Radiation Exposure 







Man-Made 








Natural Wika 


Sources 


Figure 6 


MAN-MADE OR NATURAL? 


Radon gas 
Cosmic rays from outer space 
Fallout from nuclear explosives testing 
Rocks and soil 


Routine normal discharges from nuclear 
and coal power stations 


Medical X-rays 
Ionizing smoke detectors 
Luminescent clock dials 


Radioactive isotopes of potassium, carbon, 
and radium — in our blood and bones 


Scientists estimate that 80 percent of our radia- 
tion exposure comes from natural sources (Fig- 
ure 6). The remaining 20 percent comes from 
man-made radiation sources. 


Non-ionizing radiation hazards principally af- 
fect the eyes and the skin. These injuries include: 
¢ sunburn 


e skin cancer 

° premature aging of the skin 

¢ burns to the cornea 

¢ burns to the retina 

¢ cataracts 

¢ erythema (affecting blood vessels and 
blood flow) 

¢ hyperplasia (changes in growth patterns 
of skin cells) 


How MUCH RADIATION CAN I 
ABSORB AND STILL BE SAFE2 


Given the unknown amount of radiation a per- 
son receives in a lifetime from all sources, it 1s 
difficult for scientists and regulatory agencies 
to point to a value and state: “at this allowable 
limit, everyone will be safe.” 


However, various groups have agreed on rec- 
ommended limits for several of the types of ra- 
diation discussed in this booklet. 
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30 CFR — MSHA Radiation Standards 


§ 57.5037 Radon daughter exposure monitoring. 

(a) In all mines at least one sample shall be taken in exhaust mine air by 
a competent person to determine if concentrations of radon daughters are 
present. Sampling shall be done using suggested equipment and proce- 
dures described in section 14.3 of ANSI N13.8-1973, entitled “American 
National Standard Radiation Protection in Uranium Mines,” ... American 
National Standards Institute, Inc., 1430 Broadway, New York, New York 
10018. The mine operator may request that the required exhaust mine air 
sampling be done by the Mine Safety and Health Administration. If concen- 
trations of radon daughters in excess of 0.1 WL are found in an exhaust air 
sample, thereafter — 

(1) Where uranium is mined—radon daughter concentrations represen- 
tative of worker’s breathing zone shall be determined at least every two 
weeks at random times in all active working areas such as stopes, drift 
headings, travel-ways, haulageways, shops, stations, lunch rooms, mag- 
azines, and any other place or location where persons work, travel, or 
congregate. However, if concentrations of radon daughters are found in 
excess of 0.3 WL in an active working area, radon daughter concentra- 
tions thereafter shall be determined weekly in that working area until such 
time as the weekly determinations in that area have been 0.3 WL or less 
for 5 consecutive weeks. 

(2) Where uranium is not mined-when radon daughter concentrations 
between 0.1 and 0.3 WL are found in an active working area, radon daugh- 
ter concentration measurements representative of worker's breathing 
zone shall be determined at least every 3 months at random times until 
such time as the radon daughter concentrations in that area are below_0.1 
WL and annually thereafter. If concentrations of radon daughters are found 
in excess of.0.3 WL in an active working area radon daughter concentra- 
tions thereafter shall be determined at least weekly in that working area un- 
til such time as the weekly determinations in that area have been 0.3 WL or 
less for 5 consecutive weeks. 

(b) If concentrations of radon daughters less than 0.1 WL are found in an 
exhaust mine air sample, thereafter: 

(1) Where uranium is mined—at least one sample shall be taken in the 
exhaust mine air monthly. 

(2) Where uranium is not mined—no further exhaust mine air sampling is 
required. 

(c) The sample date, locations, and results obtained under (a) and (b) 
above shall be recorded and retained at the mine site or nearest mine office 
for at least two years and shall be made available for inspection by the Secre- 
tary or his authorized representative. 

§ 57.5038 Annual exposure limits. 

No person shall be permitted to receive an exposure in excess of 4 
WLM in any calendar year. 

§ 57.5039 Maximum permissible concentration. 

Except as provided by standard § 57.5005, persons shall not be ex- 
posed to air containing concentrations of radon daughters exceeding 1.0 
WL in active workings. 





Figure 7 
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MSHA has set standards on the amount of 
radiation exposure (termed: radon daughters) 
miners can experience whether or not they 
work in underground uranium and other mines. 
As shown in the underlined portions of the 
standard in Figure 7, workers shall not be ex- 
posed over 0.3 WL per working shift. Cumula- 
tively, that is — all exposures added together — 
over a year’s time, the limit is 4 WL. 


The American Conference of Governmental 
Industrial Hygienists (ACGIH) has set guide- 
lines known as Threshold Limit Values 
(TLV*”) for all types of radiation (gamma, X 
ray, lasers, ultraviolet, infrared — including 
‘blue-light’ hazards, radio frequency, micro- 
wave etc.). Agencies like the Occupational 
Safety and Health Administration (OSHA), the 
Environmental Protection Agency (EPA), and 
the Nuclear Regulatory Commission (NRC) 
have established enforceable standards. 


As a result of several studies, scientists have 
learned: 
¢ The more radiation dose a person receives, 
the greater the chance of developing cancer. 
¢ Itis the chance of cancer occurring, not 
the kind or the severity of cancer, that in- 
creases as the radiation dose increases. 
* Most cancers do not appear until many 
years after the radiation dose is received — 
typically 10 to 40 years. 


V TLV® is a trademark of ACGIH 
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Protections Against Radiation 
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Figure 8 
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WHaT Does WL MEAN? 


WL means working level — a measure of expo- 
sure to ionizing radiation. A WL is the amount 
of radiation particles per liter of air over a 
measured length of time. 


How is EACH HAZARD 
CONTROLLED? 


In underground mines, good ventilation 1s es- 
sential to remove air contaminated with  radi- 
ation out of the working areas. It also works to 
dilute the concentration of the @ particulates. 


Maintaining a prescribed distance from the 
source of the particular radiation is also impor- 
tant. Limiting the amount of time spent in a 
known concentration with or without protec- 
tion will reduce exposure. If you have ever had 
an X-ray, you have noticed that the technician 
will often drape areas of your body with a very 
heavy material, usually lined with lead, thus 
shielding any sensitive areas not to be X-rayed. 
Then the technician will leave the area, and go 
behind a wall or other enclosure, to operate the 
X-ray machine. The technician is protected by 
both a barrier (the wall) and distance (Figure 
8). 
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Materials That Will Stop Radiation 





Figure 9 


Shielding or barriers are necessary for con- 
trolling other types of radiation. Figure 9 
shows three types of radiation and the different 
materials that can block or shield them. For ex- 
ample, B radiation can be stopped with wood at 
least 1.5 inches thick, but it takes a wall of 
concrete or steel to stop y rays. 


ARE THERE ANY OTHER FORMS 
OF PROTECTION? 
To prevent sunburn (ultraviolet radiation), cover- 
ing the skin with appropriate clothing and wear- 


ing a sun block are recommended. Physicians 
also recommend limiting your time in the sun. 
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Welders and welding helpers must wear eye 
protection that is designed to effectively screen 
out any ultraviolet radiation generated. Bar- 
riers, like curtains, must be used where weld- 
ing 1s being done indoors when there are 
passersby that could be exposed. Proper eye 
protection includes goggles, a face shield, or a 
hood. Similar eye protection should be worn 
where lasers are used. 


In some cases, respiratory protective devices 
might be appropriate. These devices must be 
appropriate to the radiation hazard, fitted prop- 
erly to the wearer, and maintained properly. 
Face-mask respirators with filters will not pre- 
vent radon or thoron gas from entering the 
lungs. Therefore, these devices can only be 
worn for short periods of time, especially when 
inspecting abandoned mine workings or in un- 
ventilated areas. 


Audible alarm systems might be installed to 
alert workers that radiation levels are exceed- 
ing set limits and give them time to leave the 
area, don proper respirators or other protection, 
or put up a barrier. 
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Some Types of Warning Signs 


IED 
_—— _ 


HIGH RADIATION AREA 


4.4 
& 


HIGH radiation levels 
(>5 rem/h and <500 rad/h) 
may be present 
beyond this point 


TLD and supplemental dosimeter 
required for entry 


DANGER! LASER LIGHT 
DO NOT LOOK INTO PRIMARY 
LASER BEAM 
DO NOT AIM LASER AT FLAT GLASS 
OR MIRROR SURFACES 
AIM ONLY AT REFLECTIONS 
SUPPLIED WITH UNIT 





Figure 10 


Operators should always have posted signs 
warning against the particular hazard (Figure 
10). These signs need to be large enough to see 
from a safe distance, state or show clearly what 
the hazard is, and what the person must wear 
or do before entering that area. 


Regular inspections — looking for wear, dam- 
age, or malfunction of any machinery, gauges, 
and instruments containing or generating radia- 
tion — need to be conducted. 


How Is RADIATION DETECTED 
AND MEASURED? 


Our human senses are simply not capable of de- 
tecting ionizing radiation. We must rely on in- 
struments such as Geiger-Mueller counters, 
scintillation counters, film badges, ionization 
chambers, thermoluminescent detectors (TLDs), 
and personal dosimeters for monitoring 1oniza- 
tion radiation and measuring levels of exposure 


(Figure 11). 


Although we can detect heat, which might be a 
warning that non-ionizing radiation levels are 
approaching or exceeding limits, this is not a 
good indicator. There are detecting and moni- 
toring instruments designed specifically for 
other radiation applications. Operators should 
obtain and use these instruments or hire a con- 
tractor or consultant to perform these duties. 


MSHA tests for radon (and sometimes, thoron) 
in all underground mines. Underground mines 
that operate full time are sampled four times a 
year at a minimum. 
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Typical Radiation Detecting and 
Measuring Devices 


Figure 11 
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SUMMARY 


In the past, radiation was considered to be a 
hazard limited to underground uranium min- 
ing. This is not the case, as you have seen in 
this manual. Miners in all types of operations 
are exposed daily to radiation from sunlight, 
welding processes, lasers, X-rays, bactericidal 
lamps, nuclear gauges, and other similar detec- 
tors. We are also “carriers” — that is, radiation 
is normally part of us. 


Radiation at unsafe levels causes many types 
of cancer and birth defects. Burns, eye damage, 
and skin deformation are other effects. 


Whether exposure 1s natural or man-made, it’s 
extremely important that we learn about and 
stay aware of all forms of radiation, their 
sources, and how to help protect ourselves 


~ from this invisible hazard. 
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DISCLAIMER 


Pictures of instruments for detecting and mea- 
suring radiation are for illustrative purposes 
only and are not intended as an endorsement of 
the product. 


TLV® is a trademark of ACGIH. 
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